The aim of this paper is to introduce the measurement of low-frequency noise among the classical methods of statistical control for thermochemical diffiised layer. In recent years the noise measurement method has been developed as a new method for investigation of material structure. The low-frequency parameters (the noise constant, frequency index, etc.) correlate well with the quality and the material structure.
may be distinguished: thermal noise (l(t)=ct, T=ct), excess noise (l(t)=ct, Τ not constant) and

Barkhausen noise (l(t) not constant, T=ct).
The Barkhausen effect consists of discontinuous changes in flux density, which are known as Barkhausen jumps. These jumps are caused by the sudden irreversible motion of magnetic domain walls as they break away from pinning sites, as a result of a continuous change in the magnetic field.
Barkhausen noise depends on the interaction of domain walls with pinning sites. Magnetic Barkhausen noise is detected using coils on the surface or sometimes encircling the sample (acoustic Barkhausen noise is detected by use of piezoelectric transducers coupled to the surface of the work piece). This Barkhausen noise is produced by periodically sweeping along the hysteresis loop or also by a pulsed field.
The induced noise voltage, according to Parseval's theorem, can be characterized by its power spectrum.
The Barkhausen noise is a nonstationary process. The spectrum W(f) [W(f) = power density of induced voltage; after Lutgemeier] varies strongly along the hysteresis loop with respect to both the shape of the spectrum and the intensity of the noise at a given frequency.
Noise is strongest at the steep parts of the hysteresis loop, where preferably low-frequency components appear; it is weak near the magnetic saturation. Barkhausen noise spectrum
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The figure shows the power density of the voltage appearing in a pick-up coil during slow sweep from saturation. If this is accomplished by sinusoidal variation of the magnetic field then, apart from the noise, harmonics of the exciting frequency due to the nonlinearity of the magnetization curve are also generated.
In order to obtain information about the dynamics of magnetization processes, the exciting frequency fh which is chosen has to be small compared with the lowest frequency used in the noise analysis. If this condition is satisfied, the shape of the spectral noise power density for numerous ferromagnetic samples proves to be independent of the field-sweep velocity.
Magnetic Barkhausen Noise (MBN) has been studied extensively as a potential tool for the nondestructive evaluation of the metallurgical, microstructural and mechanical parameters of ferromagnetic material. Due to its commercial application, the majority of research has concentrated on determining the influence of a material's intrinsic properties on Barkhausen noise, and correlating those material properties with Barkhausen activity. Our work has extended this to include intrinsic properties, such as the thickness of the thermochemical diffused layers.
Barkhausen noise has been shown to be sensitive to grain size, composition, perlite colony and lamellar spacing 111. Mechanical parameters, such as hardness, residual stress and fatigue, have also been shown to influence Barkhausen activity. These factors must be taken into account when developing new Magnetic Barkhausen Noise techniques for the nondestructive evaluation of ferromagnetic materials.
EXPERIMENTAL DETAILS
Power spectra of the Barkhausen noise were obtained by the conventional method on samples obtained from thermochemical processes (nitriding, carburising), while sweeping the field sinusoidally (fh = 0.2 Hz) along the hysteresis loop. The same samples were initially investigated by classical methods, see Table 1 and Fig. 2 . This table presents the sample description, the heat treatment applied and the results of the layer thickness and noise power measurements. In Fig. 2 we present one of the treatment diagrams.
Low-frequency noise measurements were made using both analog and digital measurement methods. For analog measurements we used a Selective-Nanovoltmeter, type Unipan 237, calibrated for low-frequency noise measurement, and for digital noise analyses we used two low-noise preamplifiers of Type M61WK with a LabPC+ National Instruments Data Acquisition Card.
For digital data acquisition and processing we elaborated in LabVIEW4.0, National Instruments graphical programming language /4/, two units of Signal Analyses software: single-channel Spectrum-analyzer and a two-preamplifier Cross-Spectrum-Analyzer. We used this cross-spectrum method in order to eliminate the preamplifier noise and to obtain more accurate noise measurements. Measurements were made on two types of samples: disk-shaped and cylindrically shaped. For the first type of samples (Table 1) we have three treatment times (thickness) and for the cylindrical samples we have seven treatment times.
In Fig. 4 we present the correlation between the layer thickness and noise increase. We find similar results in two lots of differently treated samples.
In Fig. 5 we present the evolution of the noise factor versus the treatment time for eight cylindrical samples.
Figures 6 a, b, and c present the classical metallographic investigations (layer thickness: the diffusion layer, white layer and white porous layer can be seen) of one sample from 
